A commonly used method to examine seismic anisotropy with a horizontal symmetry axis is that of shear-wave splitting. The two basic estimates are the polarization direction of fast shear-waves interpreted as the strike of aligned fractures, and the time delay between the fast and slow components characterizing the degree of anisotropy (fracture density). The physical basis of shear-wave anisotropy analysis has been the concept of the long wavelength approach or equivalent medium theories (such as Hudson's theory), which predict no variation of anisotropy with frequency. Recently, there has been strong observational evidence suggesting that the measured seismic anisotropy as inferred from time delays of split shear-waves is actually dependent on frequency. Two mechanisms which can give rise to dispersion and frequency-dependent anisotropy are: wave scattering due to preferentially aligned inhomogeneities (such as fractures or fine layers) and fluid communications in cracked porous rock. The former has been investigated by E.M. Chesnokov (to be presented in a companion paper) while the latter includes the recent work of M. Chapman and S.R. Tod at the Edinburgh Anisotropy Project (to be presented in this workshop). In this study, we report some results from the analysis of a multi-component VSP from the fractured gas reservoir in the Bluebell-Altamont Field, Utah. This is a continuation of the early work by Lynn et al. (Geophysics, 1999), who use P-and S-wave azimuthal anisotropy for fractured reservoir characterizations. However, we have focused our analysis here on the frequency dependent anisotropy. Several methods are used to analyze the 4-component shear-wave data. The data were first band-pass filtered into different frequency bands and then rotated to the natural coordinates to separate the fast and slow shear-waves. The polarizations of the fast shearwaves are found to be constant over the whole depth interval, and show no apparent variation with frequency. In contrast, the time delays between split shear-waves decrease systematically as the frequency increases. A linear regression has been applied to fit the time-delay variations in the target formation (the upper Green River gas sand) and we find that the gradients of linear fits to time delays show a consistent decrease as frequency increases. In the next stage, we apply the time-frequency analysis method based on a multiple filtering technique (or the Gabor transform) and the wavelet transform to the data. A strong and consistent variation of shear-wave time delays with frequency is clearly visible. In a companion presentation in this workshop, Chesnokov et al. has attempted to model the observed variations of shear-wave anisotropy with frequency using a correlation approximation, estimating the size of the scatters (fractures).
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